An analytical method for the total content of a fungicide, (E)-4-chloro-a,a,a-trifluoro-N-(1-imidazole-l-yl-2-propoxyethylidene)-o-toluidine (triflumizole), and its metabolites in crops is described. Triflumizole and its metabolites having the 4-chloro-a,a,a-trifluoro-o-toluidine moiety in crops are converted to a derivative, 4-chloro-a,a,a-trifluoro-otoluidine, by hydrolyses in an acetate buffer solution, and then a sodium hydroxide solution; the derivative is cleaned by distillation, column chromatography and then determined by either high performance liquid chromatography or gas chromatography.
Environmental and toxicological problems caused by pesticides are now common in all countries of the world. It is important to determine the fate of pesticides in crops and to develop suitable analytical methods for the residue assessment of various pesticides as well as their metabolites in crops.
Triflumizole, (E)-4-chloro-a,a,a-trifluoro-N-(1-imidazol-l-yl-2-propoxyethylidene)-o-toluidine, is afungicide which controls a wide range of diseases in many economically important crops.l In (or on) plants, imidazole ring cleavage in triflumizole occurs as the initial step of the main metabolic pathway, giving an Nformyl degradate, 4-chloro-a,a,a-trifluoro-N-(1-formylamino-2-propoxyethilidene)-o-toluidine (FM-5-1), which is rapidly deformated to a major metabolite, 4-chloroa,a,a-trifluoro-N-(1-amino-2-propoxyethilidene)-otoluidine (FM-6-1), followed by depropylation at the ether linkage, i.e., 4-chloro-a,a,a-trifluoro-N (1-amino-2-hydroxyethylidene)-o-toluidine (FM-8-1).2 Hydrolysis products, such as 4-chloro-a,a,a-trifluoro-N (propoxyacetyl)-o-toluidine (FD-1-1) and 4-chloro-a,a,atrifluoro-o-toluidine (FA-1-1), were also found to be minor metabolites ( Fig. 1 and 2 ). In order to determine the actual residual state in crops sprayed with triflumizole in the field, two analytical methods have been established. One is an individual analytical method for triflumizole and its main metabolite, FM-6- .Principle Triflumizole and its metabolites found in a metabolism study (Fig. 2) can be derivatized to FA-1-1 by 2-step hydrolyses, as shown in Fig. 3 .
Reagent
Acetic acid, sodium acetate, hexane hydrochloric acid, dichloromethane, dodecane, 1,4-dioxane, sodium chloride and anhydrous sodium sulfate were purchased from Wako Pure Chemicals Industries, Ltd. The deforming agent used was Shinetsu Silicone KM-73; Silica gel was purchased from Merck (Merck Art 7734), Celite 545 from Manville, and silicone grease from Torey Silicone.
t To whom all correspondence should be addressed.
Apparatus
The HPLC and GC conditions adopted are given in Tables 1 and 2 , respectively. The apparatus for hydrolysis and distillation is shown in Fig. 4 .
Preparation of calibration curve HPLC method Hexane solutions (0.13 -1.5 ppm) of FA-1-1 were prepared. An aliquot (20 µl) of the solution was injected into the HPLC described in Table 1 . Analytical procedure (1) Homogenation A finely chopped crop sample (50 g) was homogenized with distilled water (60 ml). The homogenate was put into a 300 ml round-bottomed flask with the aid of 40 ml of water. (2) Derivatization and distillation Acetic acid (8.8 ml), sodium acetate (24 g) and boiling tips were added to the homogenate from (1) and were then well mixed. A Dimroth condenser, a side-arm adapter, a dropping funnel and an Liebig condenser were connected to the flask (Fig. 4) . Silicone grease was applied at the joint parts of the Dimroth condenser and the dropping funnel. The joint parts of the Liebig condenser were sealed with water. Chilled water was passed through the Dimroth condenser. Hexane (50 ml) was put into the receiver. The end of the adapter was dipped into the hexane. The flask was heated under reflux for 90 min. By this procedure, compounds having an amidine group (i.e. FM-6-1 etc.) were converted to respective the amide (i.e. FD-1-1 etc.). After that, a sodium hydroxide solution (10 g/50 ml H2O, 50 -60° C) containing approximately 0.1 ml of a deforming, agent was put into the dropping funnel and dropped into the reaction flask through the Dimroth condenser. Attention was paid in order to avoid any backward flow of the hexane. The alkaline solution remaining in the dropping funnel was washed twice with a small amount of water (each ca. 5 ml), and then put into the flask. The mixture was refluxed for 30 min. The inflow of water to the Dimroth condenser was stopped, and any water remaining in the condenser was removed in order to evacuate for the following distillation. Water was then led into the Liebig condenser. The Dimroth condenser was wrapped with aluminum foil. The mixture in the flask was heated until 50 ml of water was trapped into the hexane in the receiver. (3) Liquid-liquid partition
The water and the hexane in the receiver were transferred into a separatory funnel, and 0.1 M hydrochloric acid (10 ml) was added. The mixture was then shaken for 10 min and allowed to stand for a while; afterwards, the water layer was discarded. Then, 0.1 M sodium hydroxide (20 ml) was added to the hexane layer. The flask was shaken for 1 min and the alkaline layer was discarded. The hexane layer was filtered through a 20 g pad of anhydrous sodium sulfate into a 100 ml graduated cylinder with a glass stopper. The filter pad was rinsed with hexane until the volume of the combined filtrate reached 80 ml. (4) Column chromatography A glass chromatographic column (12 mm i.d.X250 mm) was packed with silica gel (7 g) with the aid of hexane. The hexane solution obtained in (3) was passed through the column. After the vessel was washed twice with hexane (each 10 ml), the washings were also passed through the column. These eluates were then disc.arded. A developing solvent of dichloromethane and hexane (15+85, v/v, 150 ml) was passed through the column. The eluate was collected into a 300 ml round-bottom flask. FA-1-1 was eluted in this fraction. (5) HPLC or GC determination
The eluate obtained in (4) was concentrated to ca. 40 ml in vacuo in a water bath maintained at 40° C, after the addition of 0.2 ml of dodecane. The concentrated solution was transferred into a 50 ml pear-shaped flask with the aid of hexane (10 ml), and concentrated to 0.5 -1.0 ml on a rotary evaporator with a water bath maintained at 40° C. The solution was transferred into a 5 ml test tube with the aid of hexane, and filled up to 5 ml. An aliquot (20 µl for HPLC, 2 µl for GC determination) of the solution was injected into the HPLC (Table 1) or the GC (Table 2 ). 
Fortification test
The recoveries of triflumizole and its metabolites fortified in various crops are shown in Table 3 ; they ranged from 69 to 97%. Example chromatograms are shown in Fig. 5 .
Extraction and derivatization
In order to avoid any loss of the residues having the 4-chloro-a,a,a-trifluorotoluidine moiety, no extraction procedure is used in this method. The slurry of crop homogenate was directly supplied to the hydrolysis. Triflumizole was easily hydrolyzed to FD-1-1 under both acidic or alkaline conditions. In 0.1 M sodium hydroxide, triflumizole was quantitatively converted to FD-1-1, even at room temperature, for 30 min. In 2.0 M hydrochloric acid at room temperature for 1 h, 56% of triflumizole was converted to FD-1-1.
On the other hand, the main metabolite, FM-6-1, was relatively stable under both acidic and alkaline conditions. In 1 M sodium hydroxide under reflux for 1 h, 79% of FM-6-1 was recovered unchanged.
In 6 M hydrochloric acid under reflux for 1.5 h, 46% of FM-6-1 was recovered.
It was difficult to hydrolyze FM-6-1 and FD-1-1 to FA-1-1 quantitatively under the same conditions for both compounds in an acid and a base. The analytical method for an acaricide chlordimeform, lV2-(4-chloro-otolyl)-N1,Ni-dimethylformamidine, the structure of which contains an amidine group as well as FM-6-1, is described in the literature. 6 In this method, chlordimeform is hydrolyzed in an acetate buffer solution to give a formate of 4-chlorotoluidine; it is then further hydrolyzed with sodium hydroxide to give 4-chlorotoluidine. Therefore, the hydrolysis of FM-6-1 with an acetate buffer solution was examined. As shown in Table 4 , FM-6-1 was hydrolyzed to FD-1-1 in an acetate buffer solution; the reaction speed depended on both the pH value and the concentration of the buffer salts. When hydrolyzed in 50 ml of water containing 4.4 ml acetic acid and 12 g of sodium acetate under reflux for 1-2 h, FM-6-1 was almost quantitatively converted a. H20(ml)-AcOH(ml)-AcONa(g). FM-6-1 (100 jig) was hydrolyzed under the conditions above, then the solution was extracted with hexane under alkaline condition, and the extract was supplied to HPLC analysis. FD-1-1 (100 µg) was hydrolyzed in the mixture of H2O (150 ml), AcOH (8.8 ml), AcONa (24 g) and above NaOH at 50°C for 16 h, then the solution was extracted with hexane. The extract was analyzed by HPLC.
to FD-1-1. Under the same reaction conditions, triflumizole was converted to FD-1-1 quantitatively, and FD-1-1 was stable. Therefore, the hydrolysis of FD-1-1 in an aqueous solution of acetic acid, sodium acetate and sodium hydroxide was examined ( Table 5) . As a result, a suitable amount of sodium hydroxide was determined to be 8-hg; l a reaction time of 16h at 50°C or 10-30 min at 100° C was necessary for a quantitative conversion. Since FA-1-1, FD-1-1 and FM-6-1 are volatile in water, it was necessary to complete the reaction before distillation. An examination for a combination of the hydrolysis steps and distillation showed that the procedure described in Materials and Methods was best: i.e. a reaction time of 30 min at the alkali hydrolysis step was necessary. The FA-1-1 formed was quantitatively distilled when more than 20 ml of water were distilled.
Cleanup
When some crop matrices were supplied to the analytical procedure and the distillate and the hexane for trapping were shaken, the mixture sometimes emulsified. The addition of 0.1 M hydrochloric acid (10 ml) was effective to avoid the emulsion, and FA-1-1 was not transferred into the acidic layer.
Washing with 0.1 M sodium hydroxide was effective to remove any colored materials from the crop matrices.
After these cleanup procedures, FA-1-1 could be determined; still a large interfering peak sometimes appeared after the retention time of FA-1-1. This interference could be removed by column chromatography, as described in Materials and Methods.
Prevention of volatilization of FA-1-1 FA-1-1 is so volatile that the concentration of a solution of FA-1-1 to dryness caused a complete loss. The addition of a keeper, such as dodecane and diethylene glycol, into the solution before evaporation was effective to avoid volatilization. In the reaction procedures, some FA-1-1 was considered to be lost when tap water was added to the Dimroth instead of chilled water. To prevent any loss from joint parts of the glassware, silicone grease was applied as described in Materials and Methods.
HPLC and GC condition
Since FA-1-1 was so volatile that a solution after undergoing column chromatography could not be evaporated to dryness, ordinary-phase HPLC was used. Zorbax SIL and Zorbax NH2 were suitable for determining FA-1-1.
When Zorbax SIL and a mixture of dichloromethane and hexane as the mobile phase were used, interfering peaks appeared both before and after the retention time of FA-1-1.
When Zorbax SIL and a mixture of propanol and hexane as the mobile phase were used, these interfering peaks were separated from the peak of FA-1-1.
A GC determination of FA-1-1 could be performed by 3% HIEFF or MEGA BORE® column DB-17 without any derivatization.
A determination by ECD was sometimes interfered with by the plant matrix; such interference, however, was not observed by FTD.
Storage stability
To validate the analytical values from storage samples, storage stability studies were carried out using macerated crops, such as apple, strawberry and cucumber. Each 100 µg of triflumizole and FM-6-1 was fortified in each macerated crop (50 g). The recoveries corrected for the respective fortification recoveries even after 3 years storage under freezing at -30° C were about 70% (Table 6 ). FA-1-1 in the final solution was stable for at least two weeks.
Comparison of residual amounts in crops between the individual analytical method and the total method Various crops treated with triflumizole were analyzed by both the individual analytical method and the total method, and the residual amounts were compared. Table 7 lists the results. When samples having a short preharvest interval were analyzed, the residue values obtained from both methods were almost the same. In order to establish the tolerance from the maximum residue value for each crop, analysis by the individual analytical method is considered to be sufficient. 
